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External electromagnetic fields can provoke stress, and thus modifications of the internal struc-
ture of nucleons. Working with this hypothesis, one can derive a simple description of the charge
dependence of the EMC effect.
I. INTRODUCTION
Three forces influence the composition, structure, and
stability of protons and neutrons (nucleons): The strong
force, binding the nucleus together, the weak force, hold
responsible for rare weak decays, and the electromagnetic
force, typically playing a secondary role. Nucleons con-
tain different types of particles, in particular quarks car-
rying charges of all three forces, and gluons propagating
the strong force only.
Pictorially, the electromagnetically interacting quarks
would swim in a paste of strongly interacting gluons.
Even though the electrical charges of some quarks re-
pel each other ( ∼ Eint), everything is held together by
the dominant forces of the gluons. However, if one would
expose this system for example to an external electric
field Eext, the quarks would feel this effect directly, while
the gluons would feel it only indirectly, through strong
interactions with those quarks.
This difference in responding to external electromag-
netic forces will necessarily tend to change the spa-
tial composition and even form of the nucleon. The
amount of change in internal structure δ, normalized to
|Eext|/|Eint|, can be expected to be in its order of mag-
nitude quantified by the ratio between the electromag-
netic coupling αe and the strong coupling αs. Both cou-
plings are scale dependent, in particular, αs = αs(Q2)
can change significantly. Therefore, the ratio δ inherits
the Q2 dependence from the couplings
δ(Q2) ≈ αe(Q
2)
αs(Q2) . (1)
Of course, for very high energy processes (Q2 → ∞),
it is well known that for αs(Q2) → 0 and thus δ →
∞. This means that small external electromagnetic fields
can change the form of a nucleon completely. This effect
is famously known as asymptotic freedom [1, 2]. If, to
the contrary, the strong coupling totally dominates the
electromagnetic coupling, all corrections to the form of
the nucleon should vanish δ → 0, even for strong external
electromagnetic fields. However, is this actually the case
for small Q2? At very low Q2 one expects αe(0) ≈ 1137
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and αs(0) ≈ pi [3], thus
δ(0) ≈ 1
pi · 137 ≈ 0.002, (2)
as an order of magnitude estimate. Experimental re-
sults in nuclear physics have reached remarkable preci-
sion, comparable to (2). Thus, it should be feasible to
look for corrections induced by external fields propor-
tional to (2).
In this article, the testability of changes in the nucleon
structure caused by external forces like Fext ≈ qEext will
be explored. In the following section II, deep inelastic
scattering will be discussed and a novel application to the
puzzling EMC effect (named after the “European Muon
Collaboration”) will be presented. Finally, in section III
a summary of the results is given.
II. DEEP INELASTIC SCATTERING
A manifestation of the electromagnetic stress on the
nucleon structure can be found in the context of deep
inelastic scattering.
A. General discussion
The working hypothesis is that the neutron and proton
structure is sensible to the force F¯ produced by external
electromagnetic fields in the rest frame. If the structure
gets modified in one frame it will get modified in any
other frame as well. Thus, also the parton distribution
functions fq summed over the parton content f =
∑
q fq
in the presence of an average external electric F¯E ∼ E¯q
and magnetic F¯B ∼ ∇(µB¯) forces could be written as
f = f(x, F¯E , F¯B) ≈ f(x, 0)
(
1 + (F¯E + gF¯B + s)d(x)
)
.
(3)
Please note that the parton model itself is defined for
a highly boosted light cone frame but the dependence
on external electromagnetic fields is for convenience cal-
culated in the rest frame of the nucleon. Lorentz con-
traction might lead to different modifications in different
directions, when going from one frame to another. Thus
one has to take the force averaged over the nucleus F¯ in-
stead of the local directed force ~F . The correction due to
the external fields F¯E , F¯B is proportional to d(x) which
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2for small variations around a small x0 can be approxi-
mated to d(x) ≈ d · (x−x0). The constant s summarizes
other short range and surface interactions. Here, d, g,
and x0 are the proportionality constants in this linear ex-
pansion that will have to be determined experimentally.
At leading order this modification will be reflected one to
one if one compares the deep inelastic x-dependent cross
sections of a neutron (proton) with and without external
electromagnetic fields and surface interactions. One finds
σ(x)F¯E ,F¯B
σ(x)0
∼ f(x, F¯E , F¯B)
f(x, 0)
(4)
≈ (1 + F¯Ea+ (F¯E + gF¯B + s)d · (x− x0)) ,
where a, g, s, d are proportionality constants. Thus, the
x derivative of this ratio is
d
dx
σ(x)F¯E ,F¯B
σ(x)0
≈ F¯Ed+ F¯Bgd+ ds. (5)
B. EMC effect
In the most simple version of an atomic nucleus model,
one would expect that the deep inelastic scattering (DIS)
cross section is given by the cross section of a nu-
cleon multiplied by the number of participants A (neu-
trons+protons) in this collision
σA,Q(x) = Aσ1,1(x). (6)
Thus, the DIS data for heavy nuclei should be predictable
from the DIS data obtained from lighter nuclei and vice
versa. In particular, the ratio
∆A,QEMC =
σA,Q(x)
A · σ1,1(x) (7)
was expected to be constant (one) and not a function of
Bjorken x. The EMC effect, is the famous observation
that ∆A,QEMC = ∆
A,Q
EMC(x) [4]. This observation has
triggered numerous experimental tests and theoretical
explanations (for a review see, for example [5]). In
particular, it was noted that the size of the EMC effect
depends on the charge Q of the atomic nuclei [6]. Below,
this effect will be studied in the light of our hypothesis of
electromagnetic stress acting on nucleons, a perspective
which we have not found in the literature.
Let’s return to the most simple version of an atomic nu-
cleus model but allowing for contributions of electromag-
netic stress. Larger atomic nuclei will have larger charge
Q and thus accumulate larger average electric fields E¯(Q)
of the surrounding protons. Thus, one has to correct the
relation (6) by
σA,Q(x) = AσF¯E(Q)(x). (8)
In this straightforward model, one can compare the nor-
malized DIS x-dependent cross section of large nuclei
with the DIS cross section of small nuclei
∆A,Q
F¯
=
σA,Q(x)
A · σ1,1(x) (9)
≈ (1 + (F¯E(Q) + gF¯B + s)d · (x− x0)) ,
where the expansion point x0 was chosen to be the point
for which this ratio crosses the value of one with a neg-
ative slope. For a given isotope this linear dependence
reads ∼ a′ + b′ · x. It can be obtained by fitting the ex-
perimental data for (9), as shown in figure 1 for the case
of an aluminium isotope.
FIG. 1: x-dependence of the ratio (9) for the case of
aluminium [6], allowing for a linear fit with ∆27,13EMC(x) =
(1.07 ± 0.01) − (0.26 ± 0.02) · x, where the given errors are
the standard statistical errors of the fit. The fit stops below
0.8, because at higher x the data ceases to be linear and higher
orders in (x− x0) would be necessary to fit this behavior.
This fit was repeated for the elements
(He,Be,C,Al, Ca, Fe,Ag,Au), using data from [6]
and the digitalization tool [7]. One finds for example
that x0 = 0.27± 0.02.
Even more interesting information can be obtained
from the x−slope, because it will allow relating to F¯E =
F¯E(Q). Deriving (9), with respect to x, gives
d
dx
∆A,Q
F¯
≈ (F¯E(Q) + gF¯B + s)d. (10)
The magnetic field within the nucleus will be produced
by the surrounding spin 1/2 protons and neutrons. How-
ever, those are oriented randomly [8] and thus one can
expect theQ dependence of F¯B in (10) to be subdominant
in comparison with F¯E . The same holds for the short-
range contributions s. Let’s now estimate the average
electric force as function of nucleon charge F¯E ∼ qE¯(Q)
by assuming a constant average charge density ρ. The
total charge of such a spherical nucleus is
Q =
4
3
piR3ρ, (11)
which can be solved for the nucleon radius. The radial
electric field which is produced by the surrounding pro-
tons of a nucleon within the same nucleus is obtained
3from Gauss law
Er(r) =
1
03
rρ. (12)
The average value of this field is
E¯ =
1
03
ρ
∫ R
0
dr′r′2 · r′∫ R
0
dr′r′2
=
1
04
ρR
=
1
04
ρ
(
3Q
4ρpi
)1/3
∼ Q1/3. (13)
Note that the field (13), produced by the neighboring
protons, is the most dominant one. All other contribu-
tions, like the field produced by the eventually surround-
ing electrons or any other external field of the experimen-
tal apratus can be neglected.
Inserting (13) into (10) one obtains a prediction of the
charge dependence of the slope data
d
dx
σA,Q(x)
A · σ1(x) ≈ g
′ +Q1/3d′. (14)
The constant g′ is expected to originate for example from
the largely Q independent average magnetic field F¯B , or
other mean field and boundary effects.
The EMC-type ratio has been measured and fit-
ted like in figure 1 for eight different atomic nu-
clei (He,Be,C,Al, Ca, Fe,Ag,Au), which allows to ex-
tract the observed data for the predicted charge depen-
dence (14). As shown in figure 2, one gets a good match
between (14) and the data obtained from the slope fit-
ting like the one plotted in figure 1. Given the simplicity
FIG. 2: Charge dependence of (14). The best fit to the
experimental data is obtained for g′ = 0.11 ± 0.02 and d′ =
0.072± 0.007. The data points show the statistical error bars
of the slope-fits of the ratio (9). The dashed gray lines are
an estimate of systematic error of the model (13), which is at
least 15% due to the limited validity of the assumption that
the charge over mass density ρ is constant for all charges and
radii.
of the underlying idea and model, the good agreement
between the model (14) and the data in figure 2 is re-
markable. This is the main result of the paper.
The calculations and estimates can be improved in nu-
merous ways: One can use more sophisticated and realis-
tic models for heavy nuclei [9]. One can try to predict the
numerical values of the proportionality constants in (4)
with explicit nucleon models [10–14], which would have
to be generalized to cases including external electromag-
netic fields. For example one should promote the propa-
gators to those including external electro-magnetic fields
[15]. This would allow to explore whether it is just a coin-
cidence that the order of magnitude estimate (1), which
at a typical Q2 for small x gives δ(Q2 = 5GeV 2) ≈ 0.024,
is only by a factor of three away from the proportional-
ity d′ = 0.07 in figure 2. One should also try including
further observables.
However, all those improvements go beyond the scope
of this paper.
III. SUMMARY
This short article explored the impact of electromag-
netic stress on the nucleon structure. As a possible man-
ifestation of this effect we studied the dependence of par-
ton distribution functions on external electromagnetic
forces. Simple and straight forward assumptions led to
a remarkably good description of the charge dependence
of the EMC effect.
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